Intravascular ultrasound demonstrated negative remodeling without a plaque and diffuse intima with media thickening at the stenosis site. The chest pain was likely caused by coronary spastic angina, which was treated with diltiazem hydrochloride.
Introduction
Coronary computed tomography angiography (CCTA) has recently been used for the diagnosis of urgent chest pain because of its high negative predictive value and noninvasiveness. An important differential diagnosis of chest pain is coronary spasm, which is difficult to definitively diagnose by CCTA alone. We report a patient with coronary spasm that was detected by CCTA, and confirmed by coronary angiography (CAG) and intravascular ultrasound (IVUS).
Case report
A 40-year-old man visited our hospital for chest pain that lasted for about 5 minutes after smoking in the morning. This was his first time to experience chest pain, which prompted him to visit our hospital 3 hours after he felt the pain. He was subsequently admitted to the emergency ward.
On admission, he had a heart rate of 60 beats/min (bpm) and a blood pressure of 140/72 mm Hg, with unremarkable physical findings. He had no coronary risk factors except for smoking.
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Available online at www.sciencedirect.com . His creatine kinase and MB fraction levels were within the normal limits (79 U/L and 4.4 ng/mL, respectively). However, his laboratory test was positive for troponin T.
As the patient no longer felt the chest pain during the emergency admission, CCTA was performed. A β-blocker was not used before CCTA because of his 60 bpm heart rate. CCTA was performed following the sublingual administration of nitroglycerin. CCTA revealed a patent right coronary artery and left circumflex artery, but severe stenosis in the middle portion of the left anterior descending artery (LAD) (Fig. 2) . Myocardial bridging was not evident at the stenosis site on axial and multiplanar reformation images. The patient felt no chest pain during the CCTA. On the following day, CAG revealed severe stenosis (90%) in the middle portion of the LAD. This severe stenosis of the LAD was improved to 25% after isosorbide dinitrate (ISDN) administration into the left coronary artery (Fig. 3 A, B) . IVUS showed negative remodeling without a plaque, as well as diffuse intima, thick media, and a high echoic area on the intimal surface at the stenosis site even after intracoronary ISDN administration (Fig. 3 C-E) . The acetylcholine provocation test was not performed because of the confirmation of coronary spasm by CAG without ISDN administration. With the occurrence of vasospasm, diltiazem hydrochloride (100 mg/d) was started from the evening following CAG. The patient has since then stopped smoking and has not felt any chest pain for 1 year. Based on his electrocardiogram progression, myocardial ischemia is considered to have occurred on the day of his admission ( Fig. 1) .
Discussion
In this case, coronary spasm was detected by CCTA and confirmed by CAG and IVUS. There are currently few reports on cases of coronary spasm detection by CCTA [1] [2] [3] [4] [5] . Most of these cases used adenosine perfusion or a β-blocker, which often causes coronary spasm as a side effect [4, 6] . In our patient, neither perfusion stimuli nor a β-blocker was administered to reduce the heart rate. Based on the improvement of his severe stenosis following ISDN administration and the IVUS findings, his chest pain was confirmed to be caused by coronary spasm.
A myocardial bridge is one of the important causes of chest pain. The middle portion of the LAD is a common myocardial bridge site. The CCTA clearly showed the presence, course, and anatomic features of the intramuscular coronary arteries [7] . Myocardial bridging was diagnosed and evaluated when an intramuscular segment of the coronary artery was visualized on axial and multi planar reconstruction images. However, myocardial bridging was not shown in the stenosis site from the four-dimensional findings and on the short axial images using CCTA. Fig. 1 -Electrocardiogram findings. On admission, the T wave amplitude of V2 to V5 was higher; however, this was not the typical ischemic ST segment change. The following day, the ST segment of V3 to V5 was slightly decreased. Two weeks later, the ST segment of the anterior leads clearly decreased. One of the distinct features of CCTA is its high plaque detectability. However, assessment of the presence of plaque may be difficult in severe cases of coronary spasms. IVUS was helpful for confirming the diagnosis of coronary spasm in this case. The IVUS findings at the coronary spasm sites showed morphological changes in the vascular wall, such as atherosclerosis, negative remodeling, diffuse intima, thick media, and wrinkles in the internal elastic membrane even in the absence of a significant coronary stenosis [8] [9] [10] .
The coronary spasm of our patient was observed in the same site for 2 consecutive days by CCTA and CAG without a provocation test. Endothelial dysfunction, local vascular smooth muscle hyperactivity, and deficiency of endothelial nitric oxide activity are thought to be associated with the mechanisms of coronary spasm, which can cause morphological changes in the vascular wall including negative vessel remodeling [10] .
With the favorable progress in the performance of computed tomography equipment, the frequency of computed tomography usage not only for detecting elective effort angina but also for diagnosing emergency chest pain has gradually increased. However, the definitive diagnosis of coronary spasm remains difficult. Opportunities for detecting coronary spasm by CCTA may increase with an increase in the scan frequency. Myocardial infarction and life-threatening arrhythmias often occur in patients with vasospastic angina. Coronary spasm is usually fatal, and the appropriate management of patients with coronary spasm is expected through improvements in the detection frequency.
Conclusion
Coronary spasm was successfully detected by CCTA in a patient who consulted for an assessment of his chest pain which occurred at rest. CAG without a provocation test and IVUS were valuable for confirming and making a definitive diagnosis of coronary spasm. 
